The present study will show that these serotypes have specific antigens associated with them which can be extracted by hot acid or saline. These extracted serotype antigens enabled the development of a simple capillary precipitin test for serotyping group B meningococci.
Over 10 distinct serotypes of group B Neisseria meningitidis have been found to date by using a sensitive microbactericidal assay developed by the authors. The serotype antigens have now been extracted by hot acid or saline extraction procedures. It was found that these extracted serotype antigens may be used in a simple capillary precipitin method. This method uses unadsorbed, undiluted rabbit antisera. In the capillary precipitin method a 3+ to 4+ reaction was considered significant. The microbactericidal assay and capillary precipitin methods for serotyping group B meningococci show excellent agreement. Group B meningococci were also serotyped by an agar gel double diffusion technique. The latter technique conserves reagents and has the further advantage that it does not show the minor cross-reactions observed in the capillary precipitin method. Thus two simple, reproducible methods for serological typing of group B meningococci have been developed. These methods developed for the serological typing of group B meningococci will aid in epidemiological studies of meningococcal disease. They may also be of value for selecting suitable strains for vaccine production.
In 1945 Branham stated that group B Neisseria meningitidis was a very heterogeneous group and required a thorough serological investigation (1) . Roberts in 1967 (14) observed that antisera prepared against two group B meningococcal strains failed to show reciprocal opsonic and bactericidal antibody. This led him to suggest that bactericidal antibodies against group B meningococci were type-specific rather than group-specific. Based upon these observations, we have recently developed a sensitive microbactericidal assay. By using this assay we have to date been able to subdivide the group B meningococci into 10 distinct serotypes (3) .
The present study will show that these serotypes have specific antigens associated with them which can be extracted by hot acid or saline. These extracted serotype antigens enabled the development of a simple capillary precipitin test for serotyping group B meningococci.
MATERIALS AND METHODS
Bacteriological techniques. The source of strains, culture techniques, and maintenance of the organisms were as described previously (3) .
Antisera. Immune rabbit sera that were prepared for our microbactericidal assay were used in these experiments. The immunization procedure was as described previously (3) . Hyperimmune antisera were prepared by repeating the complete immunization schedule after a 3-week rest period. Extraction of type-specific antigens. Different group B meningococcal strains were grown in 150 ml of Trypticase soy broth (TSB; BBL) overnight at 37 C on a gyratory shaker (New Brunswick Scientific Co.). The cells were harvested by centrifugation at 2 C, 6,000 X g and washed once with normal saline. The packed cells were resuspended in 0.7 ml of 0.0167 N HCI prepared in normal saline. Care was taken that the pH of the initial mixture of cells and acid was not below 4.5. The cells were then heated in covered test tubes for 10 min in a 100 C water bath. The tubes were quickly cooled. One drop of 0.05% phenol red was added, and the mixture was then neutralized to pH 7.0 to 7.2 by dropwise addition of 0.0167 N NaOH.
A clear supernatant extract obtained by centrifugation at 2 C and 6,000 X g was stored at 4 C until used. This supematant fraction will be referred to as the acid extract.
Another satisfactory extraction procedure was also developed. Two (3) .
Adsorption of antisera. Adsorbed antisera were prepared for some experiments. The method of adsorption was as previously described (3).
RESULTS
Parameters for optimal antigen extraction. In preparing acid extracts for the precipitin tests, the acid strength and amount of organisms were of major importance. A study was made to determine the optimal pH range for acid extraction by using 0.7 ml of 0.2 to 0.01 N HCl in saline added to equal portions of washed cells. The initial pH of the acid plus cell mixture was determined with a Beckman pH meter with microelectrodes. It was found that for acid extraction the pH could be controlled by the normality of the HCl used Extraction below pH 4 (in reaction mixture) resulted in apparent absence of the serotype antigen in the extract. The optimal pH range for acid extraction was between pH 4.5 and 6.0.
When saline extracts were made, the initial pH of the reaction mixture after the addition of the saline to the cells was approximately 6.0.
The amount of cells in the extraction mixture was critical. An extract prepared from the overnight growth in 50 ml of TSB often failed to give precipitates. An extract prepared from a larger amount of cells resulting from overnight growth in 150 ml of TSB was usually quite satisfactory.
An extract may also be obtained by autolysis, but this extract shows numerous nonspecific precipitin reactions. In addition, we have found that the clear supernatant fluid obtained after acid or saline extraction must be removed from the cells as soon as possible to prevent similar nonspecific reactions.
The neutralized extracts when sealed and stored at 4 C were stable for approximately 3 months. After this time the precipitin activity of the extract decreases noticeably.
Specificity of the capillary precipitin reaction. Having developed the extraction procedure, we then determined whether or not the precipitin reactions were type-specific by using the acid extracts. Unadsorbed undiluted antisera were tested against a series of different group B strains which had been previously serotyped by the microbactericidal assay (3). It can be seen in Table 1 that, except for serotype 1 antiserum, each of the type-specific antisera reacted strongly (3 + to 4+) only with an acid extract of a single strain. As determined by the bactericidal assay, strain M978 had serotype antigens 1 and 8, and in the precipitin test an extract of M978 reacted strongly with both anti-i and anti-8 sera.
In precipitin reactions, only a 3 + or a 4 + reaction was considered significant. Some unadsorbed antisera such as anti-5, anti-8, and anti-l (Table 1) reacted only with a single extract. However, since unadsorbed antisera were used throughout, it was not unexpected when minor cross-reactions of 1 + were found.
We have previously reported (3) several group B strains which have the serotype antigen 2. These type 2-associated strains may also carry other serotype antigens, i.e., they are multiple serotypes. When capillary precipitin tests were performed on extracts of these type 2 strains using either homologous or heterologous type 2-associated antisera ( (Tables 1 and 3) , seldom correlated with bactericidal data. In most cases, there was excellent agreement between a strongly positive precipitin reaction and the presence of bactericidal activity. However, some antisera gave good type-specific precipitin reactions but failed to show any bactericidal activity (Table 4) .
It can be seen in Table 4 that strains M460, M996, and M988 are identifiable as type 2-associated strains because of the bactericidal activity of type 2 antisera against these strains and by the strong precipitin reactions of their extracts in type 2 antiserum. Yet, antisera prepared against these strains by the same immunization method failed to show any homologous bactericidal activity, but these antisera did contain excellent type-specific precipitin antibodies. Anti- M136 serum (serotype 11) also showed the presence of strong precipitins in the absence of bactericidal activity.
The presence of strong type-specific precipitin activity in the absence of bactericidal antibody may indicate that in some cases the precipitating antibody and bactericidal antibody may be (Table 4) . These rabbits were then given an additional 5-week immunization with strain M996. The resulting hyperimmune antisera contained no demonstrable bactericidal antibody in all dilutions tested yet had quite strong precipitating antibodies against acid and saline extracts of all group B strains. Thus, prolonged immunization had induced precipitating antibodies against an antigen common to various group B strains. This demonstrates the undesirability of prolonged immunization for the production of type-specific antisera.
Adsorption of precipitin and bactericidal activity. Thus far a strong correlation has been shown between the bactericidal and capillary precipitin tests. It was assumed that the capillary precipitin and bactericidal antibodies were generally directed against the same antigenic determinants. This was further investigated by adsorbing different strain antisera with homologous and heterologous strains before testing for bactericidal and capillary precipitin activity (Table 5) . We found that adsorption with the homologous strain for 1 hr at 37 C followed by 1 Agar gel double diffusion studies. Acid extracts were examined by the agar gel double diffusion technique. We found that many extracts of group B strains formed a single precipitin band with their homologous antisera (Fig. 1) (1) anti-2, 7, (2) anti-2, (3) aniti-4, (4) anti-2,7, (5) anti-2,7, (6) termine whether they would show single or multiple precipitin bands. In Fig. 2 an anti-2,7 serum in the center well was tested against extracts of eight different strains. Three of these extracts contained type 2-associated antigens. We had expected to see separate precipitin lines for each serotype antigen. However, as seen in Fig. 2 , only a single specific precipitin line was observed. This was an indication that antigen 2 was a single antigen with multiple antigenic determinants. This was strongly supported by the finding of lines of partial identity between some type 2-associated strains known to differ in at least one antigenic determinant (Fig. 3) . A line of partial identity may be seen between the anti-2,7 and anti-2 sera reacting with the multiple serotype extract containing antigens 2 and 7 in center well.
In addition to the characteristic type-specific precipitin lines which formed near the antigen well, there may be a second sharp precipitin line which forms about halfway between the antigen and antibody wells and appears at the same time as the type-specific precipitin line. The antigen represented by this line is not type-specific but common to many group B strains (Fig. 4) . DISCUSSION Roberts (14) It is likely that all of the major serological groups of N. meningitidis will prove to be divisible into a series of subgroups or types. Evidence that group C may be divisible into antigenically distinct types was shown by Gold and Wyle (5) . In addition, groups B and C have recently been subdivided on the basis of their sensitivity to bacteriocins (2) . In the case of group B, there appears to be no relationship between our bactericidal serotypes and bacteriocin sensitivity.
Investigators have usually had little difficulty demonstrating precipitins against the groupspecific polysaccharide antigens of group A and C meningococci (6, 11, 12, 15) . However, the group B polysaccharide is not well demonstrable by precipitin tests (7, 11, 12 For the serological typing of group B meningococci we have now developed a simple capillary precipitin method. We found that the type-specific antigens could be extracted by hot acid or saline and that these antigens could then be detected by their formation of immunoprecipitates with type-specific antisera. Thus by a simple extraction procedure and an easily performed precipitin test it is now possible to distinguish between strains of group B meningococci.
The capillary precipitin results closely agree with the bactericidal typing of group B meningococcal strains. Adsorption of a type-specific antiserum with the homologous strain simultaneously removed all bactericidal and precipitin activity. An extract prepared from a given group B serotype will only inhibit the bactericidal reaction of an antiserum of the corresponding serotype. In addition, this extract can often be shown to have a single immunoprecipitable antigen by agar gel diffusion. Based upon these findings, we conclude that the antigens extractable by acid or saline are the same antigens to which the bactericidal activity is directed. As previously discussed, these antigens may have multiple antigenic determinants.
The specificity of the precipitin reaction depended upon the proper production of the strain extract. If an extract was allowed to remain on the cells for 1 to 2 hr after extraction or if the cells were partially autolyzed, then a characteristic nonspecific flocculation occurred in all serotype antisera when the extract was subsequently tested for precipitin activity. This flocculation was in addition to the type-specific precipitation and was seldom evident after the 2 hr of incubation at 37 C but usually appeared only after overnight refrigeration as a large translucent floc which seldom settled to the bottom of the capillary. This is in contrast to the type-specific precipitate, which was a fine dense precipitate evident at 2 hr and readily settled to A few hyperimmune antisera precipitated rather strongly (3+ to 4+) in many serotype extracts giving a typical fine dense precipitate.
However, the type-specific precipitin reaction always appeared first and was a strong reaction. Recent evidence in our laboratory suggests that the extensive cross-reactivity in the case of hyperimmune antisera is due to a common antigen distinct from the serotype antigen. When these hyperimmune antisera were adsorbed for 1 hr at 37 C with one of the cross-reacting heterologous group B strains, the precipitins against the heterologous strains were removed. The homologous type-specific precipitin reaction remained.
The ability to serotype meningococci will aid in the epidemiological study of meningococcal infections since there is little definitive evidence on the spread of different meningococcal strains within populations. Our serotyping method may be used to determine whether there are certain strains which tend to cause more severe infections or to be associated with outbreaks of meningococcal disease. We now have some evidence to suggest that certain group B serotypes are more frequently associated with cases of disease and other serotypes more associated with the carrier state. This is in agreement with a recent study of group C meningococcal case strains (4) . 
